An isomer of the conjugated linoleic acid (CLA) produced from linoleic acid by Lactobacillus plantarum was identiˆed as cis-9,trans-11-octadecadienoic acid by proton nuclear magnetic resonance spectroscopy. Together with earlier results, we concluded that the bacterium produces two CLA isomers, cis-9,trans-11-and trans-9,trans-11-octadecadienoic acid from linoleic acid. The addition of L-serine, glucose, AgNO 3 , or NaCl to the reaction mixture reduced production of the latter.
Conjugated linoleic acid (CLA), an octadecadienoic acid with conjugated double bonds, has a variety of positional and geometric isomers. Among these isomers, cis-9,trans-11-octadecadienoic acid (18:2) and trans-10,cis-12-18:2 have attracted attention because of their unique physiological eŠects such as inhibition of carcinogenesis and reduction of the body fat content. [1] [2] [3] [4] These isomers act both independently and together to produce the multitude of physiological eŠects that attribute to CLA. Decreased body fat gain is an example of a single-isomer eŠect caused by trans-10,cis-12-18:2. Various speciˆc eŠects of isomers are being identiˆed in a number of laboratories. We found that washed cells of lactic acid bacteria produce two CLA isomers from linoleic acid and from ricinoleic acid, 5, 6) and established practical processes for CLA production with washed cells of Lactobacillus plantarum AKU 1009a as the catalyst. 7) We analyzed the chemical structures of the two isomers, CLA1 and CLA2, produced by lactic acid bacteria and identiˆed CLA2 as trans-9,trans-11-18:2. The chemical structure of CLA1 was not identiˆed: it may be cis-9,trans-11-or trans-9,cis-11-18:2. 5-7) Some studies found that linoleic acid is converted to 9,11-18:2 by several species of rumen bacteria [8] [9] [10] [11] [12] [13] [14] [15] and by dairy starter cultures. 16) However, to our knowledge, exact identiˆcation of the geometric conˆguration of the 9,11-18:2 produced has not been done.
In this paper, we identify CLA1, produced by a lactic acid bacterium from linoleic acid, as cis-9,trans-11-18:2. It is one of the physiologically active CLA isomers. Some factors aŠecting isomer production also are presented.
Reaction mixtures containing CLA1 and CLA2 were prepared as described previously 7) with linoleic acid and washed cells of L. plantarum AKU 1009a as the substrate and catalyst, respectively. Fatty acids in the reaction mixtures were extracted, methyl-esteried, and isolated by high-pressure liquid chromatography and their chemical structures were identiˆed by MS as described previously, 5) and by 1 H NMR. All NMR experiments were done with a Bruker Biospin DMX-750 (750 MHz for 1 H), and chemical shifts were assigned relative to the solvent signal. Fatty acid methyl esters were dissolved in CDCl3, and analyzed by two-dimensional NMR techniques of 1 H-1 H double quantumˆltered chemical shift correlation spectroscopy (DQF-COSY), 1 H clean-total correlation spectroscopy (clean-TOCSY), and two-dimensional nuclear Overhauser eŠect spectroscopy (NOESY).
The isolated CLA1 methyl ester was transformed into a CLA1 pyrrolidide derivative.
5) The mass spectrum of the pyrrolidide derivative showed a molecular weight at m W z 333. This result suggested that CLA1 was a C18 fatty acid containing two double bonds. The FAB-MS data for the free fatty acid of (Fig. 1) . The sequence of the protons from the methyl end of the molecule was deduced to be A, B, C, H, J, I, G, D, B, and E or A, B, D, G, I, J, H, C, B, and E on the basis of the signal pattern of the interaction between adjacent protons observed by DQF-COSY. The sequence was conˆrmed to be the former one by the appearance of an interaction signal between A and C but not A and D on clean-TOCSY analysis ( Fig. 1(B) ), indicating that C was near A, but that D was far from A.
NOESY was done to identify the geometric congurations of double bonds. The appearance of a cross-peak between D and J suggested that the double bond between G and I had the cis conˆguration (close enough to interact) ( Fig. 1(C) ). This conclusion was conˆrmed by analysis of the spin-spin coupling constants between the G and I protons (11.2 and 10.5 Hz); the spin-spin coupling constants between the J and H protons (15.0 and 15.8 Hz) suggested that the double bond between J and H was in the trans conˆguration. On the basis of the results of spectral analyses, CLA1 was identiˆed as cis-9,trans-11-18:2 ( Fig. 1(A) ). These results together with previous results showed that the bacterium produced two CLA isomers, cis-9,trans-11-and trans-9,trans-11- Reactions were done as described previously 7) with 4.0 mg W ml linoleic acid and 22.5z (w W v) wet washed cells of L. plantarum AKU 1009a as the substrate and catalysts, respectively, at 379 C for 24 h, except for the addition of the indicated concentrations of a compound. Fatty acids in the reaction mixtures were extracted, methyl-esteriˆed, and analyzed on gas-liquid chromatography as described preriously. 5) , CLA1; , CLA2. Reactions were done as described previously 7) with 4.0 mg W ml linoleic acid and 22.5z (w W v) wet washed cells of L. plantarum AKU 1009a as the substrate and catalysts, respectively, at 379 C for 24 h, except for the addition of the indicated concentrations of a compound. Control experiments were done without additions. Fatty acids in the reaction mixtures were extracted, methyl-esteriˆed, and analyzed by gas-liquid chromatography as described previously. 5) octadecadienoic acid (CLA1 and CLA2, respectively), from linoleic acid.
It is important to produce the CLA isomers selectively for evaluation of their biological and physiological eŠects. CLA2 can be produced at more than 97z purity by L. plantarum AKU 1009a, if the reaction is done long enough with a low linoleic acid concentration. 7) However, selective production of CLA1 has never been achieved, whatever the reaction conditions. Hence, the eŠects of various compounds on isomer production were investigated. Among nine sugars (10z, w W v), 37 amino acids (1z, w W v), 31 metal ions (1 to 10 mM), 10 salts (10z, w W v), four enzyme cofactors (40 mM), and 43 enzyme inhibitors (1 to 10 mM) added one by one to the reaction mixture with linoleic acid and washed cells of L. plantarum as the substrate and catalysts, respectively, the several compounds listed in Table 1 aŠected isomer production. These compounds reduced CLA2 production, by which the apparent selectivity for CLA1 was increased. EŠects of the concentration of L-serine, glucose, NaCl, and AgNO 3 were examined (Fig. 2) . Additions of 5 to 10z (w W v) L-serine or 5 to 10 mM AgNO3 were eŠective for selective production of CLA1. Interestingly, D-serine did not have such an eŠect. The additions of 5 to 15z (w W v) NaCl or 5 to 10 mM AgNO 3 slightly increased CLA1 production and reduced CLA2 production. Above all, the production of CLA1 and CLA2 were independently controlled by these compounds. These results indicated that there were diŠerent pathways for biosynthesis of these isomers. Lactic acid bacteria cannot synthesize these isomers de novo, although they transform exogenous linoleic acid to CLA isomers for detoxiˆcation of free polyunsaturated fatty acids. 8, 16) 
